
Chart 5.1 Residential recycling levels. Notes: These rates exclude residential materials composted. For Philadelphia and Newark, residential material is publicly collected waste. Bowdoinham's tonnage 
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Chapter Five

Improving Residential
Recycling Levels

Overview
The nation has experienced tremendous growth

in residential recycling opportunities in the last few
years. In 1988 there were a little over 1,000
curbside recycling programs (full-scale and pilot)
operating; by 1991 there were nearly 4,000--a
growth of more than 250 percent in 3 years.1

Drawing on the experience of the 30 communities
studied, as well as model initiatives both in the
United States and abroad, this chapter describes
how municipalities are achieving high residential
recycling levels. (composting programs, which are
also critical to reaching high levels of materials

recovery in the residential sector, are discussed in
Chapter 4.) This chapter discusses the range of
design options (including set-out method, frequency
of collection, containers, and materials targeted),
and outlines the features that increase participa-
tion and the amount of material collected for
recycling.

Tables 5.1 and 5.2 list residential recycling,
composting and recovery rates, and select program
characteristics for the 30 communities studied. As
indicated in these tables and Chart 5.1, communities
are recycling up to 42 percent of their residential
waste?
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Table 5.1. Residential materials generated and recovered. Community. Year data collected. Residential waste generated. Residential materials recycled. Residential materials composted. Residential mate
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Table 5.2. Select residential recyclig program characteristics. Community: Austin, TX, Berkeley, CA, Berlin Township, NJ, Boulder, CO, Bowdoinham, ME, Columbia, MO, Dakota County, MN, Fennimore, WI
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Table 5.3. Residential curbside recycling program. Community. Curbside initiation year. Total households. Households served. % total households served. Number of households in refuse jurisdiction. % i
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While communities employ a variety of
techniques to recover residential recyclable, those
recycling large portions of their residential waste
typically employ the following strategies
. providing convenient collection services to all

types of households;
. targeting a wide range of materials for recovery,

particularly those that comprise a significant
percentage of the waste stream;

. securing high levels of participation in recycling
programs (such as mandating residents recycle,
implementing strong economic incentives, and
conducting a comprehensive educational and
promotional program); and

. identifying outlets for collected

Providing Convenient
Collection Service

materials.

Communities utilize a variety of methods to
collect residential recyclable and prepare them for
market. Collection strategies fall into two general
categories: curbside and drop-off. Residents are
most likely to participate in a recycling program
if doing so is as convenient as disposing of their
refuse. To make participation in recycling
programs as convenient as possible, and thus
maximize the amount of material collected,
communities are

  providing weekly curbside collection of
recyclable if weekly curbside collection of refuse
is provided;

  offering service to all households;
  utilizing set-out and collection methods that

encourage resident participation as well as yield
high-quality, readily marketable materials;

  providing adequate containers for storage and
set-out of residential recyclables; and

  establishing recycling depots or drop-off sites at
disposal facilities if residents self-haul refuse.

Curbside Collection
Tables 5.3 and 5.4 describe curbside recycling

programs, including program initiation year,
number and type of households served, and service
provider. Of the 30 communities documented, only



Table 5.4. Curbside collection methods for recyclables. Community. Pick-up frequency for recyclables. Pick-up frequency for refuse. Same day collection. Containers provided (gallons). Container type. 
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Table 5.5
Seattle’s Curbside Recycling Program By Section

Material North Section South Section Total
(Tons, 1990) (Tons, 1990) (Tons, 1990)

Newspaper 9,057.2 8,315.8 17,373.0
Mixed Paper 9,687.8 7,514.0 17,201.8
Glass 4,874.2 4,222.7 9,096.9
Aluminum 358.5 236.6 595.1
Tin 745.3 561.4
PET

1,306.7
64.0 99.0 163.0

Total 24,787.0 20,949.5 45,736.5

Frequency of Collection Weekly Monthly —

Recycling Containers Three 12-gallon One 60- or 90-gallon toter —

stacking containers
Material Set-out Commingled glass, aluminum, and All glass, PET containers, —

ferrous cans, and PET containers aluminum and tin cans,
in one bin; mixed waste paper in a newspaper, and mixed

second bin; newspaper in a waste paper in one
third bin; corrugated cardboard on side. container.

Collection Vehicle(s) Compartmentalized Rear-loading Packers —
Recycling Trucks

Avg. No. of HH Served (a) 60,256 61,290 121,546
Participation Rate (b) 89.6% 77.3% 83%
Avg. Pounds per HH per Year 822.7 683.6 752.6
Avg. Pounds per HH per Week 15.8 13.1 14.5

Notes:
Seattle believes that socioeconomic factors (in addition to collection frequency) may contribute to the difference in participation. The north end of
Seattle is considered the University section, and, in general, is a higher income area than the south end.

(a) Seattle records the number of households signed up for the curbside program on a monthly basis. The average number of households served is
the average of these numbers over 12 months of the year.
(b) Participation rate is defined as the sign-up rate--the ratio of the number of households registered for the program to the number of households
eligible. As of June 1991, the participation rate increased to 92.3 percent in the north and 80.4 percent in the south section. In 1989, 89.3 percent of
households in the north section and 67.3 of the households in the south section were registered.

Wapakoneta does not provide the option of
receiving curbside recycling service.3

Collection Frequency
The majority of communities in this study with

curbside recycling programs have weekly collection
(see Table 5.4).4

In fact, most of the programs with high
participation and recovery rates have weekly
collection of recyclables. In communities with both
weekly and monthly collection of recyclables,
neighborhoods with weekly collection have higher

participation rates. Participation in Portland’s
monthly collection programs averages 23 percent,
while participation in its weekly programs averages
57 percent. In 1990 the north end of Seattle
achieved a 90 percent participation rate in its
weekly program, while the south side experienced
only a 77 percent participation rate in its monthly
program. (Table 5.5 compares participation rates,
tonnage data, and program characteristics for
Seattle’s two curbside program).5 Similarly, in
communities that have switched from monthly to
weekly collection, participation rates have
increased. When Naperville switched from
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biweekly to weekly collection in May 1990, overall
monthly program participation increased from 54
percent in 1989, to 75 to 80 percent in 1990.

When participation increases, the amount of
materials collected tends to increase. The tonnage
of recyclables collected in Naperville after its switch
from biweekly to weekly collection increased from
an average of 436 tons per month (for the first 4
months of 1990) to an average of 750 tons per
month (for the subsequent 5 months)--an increase
of 72 percent. The same number of households
were serviced and the same types of recyclables
were collected. When Berkeley, California switched
from monthly to weekly curbside collection during
1988 and 1989, curbside tonnages jumped
significantly, from 2,044 total tons collected at
curbside in FY 88 to 5,984 tons in FY 90. The same
materials and households were targeted both years.
Newark switched from biweekly to weekly
collection of recyclables in October 1991; 20 percent
more material was recovered in November 1991
than in November 1990.

More frequent collection can also increase the
set-out rate and reduce the amount of material set
out per household per collection day. This requires
a collection vehicle to make more stops before
filling up, thus decreasing collection efficiency.
With the switch from biweekly to weekly service
in Naperville, for example, the number of set-outs
per collection day increased by 152 percent, while
the weight of each set-out decreased by an average
of 25 percent. (The total amount of material
recovered from each household grew from 61
pounds per month to 71 pounds per month.)
Additionally, the amount of certain materials
recovered, including corrugated cardboard and
HDPE plastic containers, increased
disproportionately. The Naperville Area Recycling
Center (NARC) explains that the bulkiness of these
materials makes them inconvenient to store. When
recycling collection became more frequent, storage
was no longer a problem and setting out such
materials for recycling collection became as
convenient as setting them out for refuse collection.6

Weekly collection of recyclables appears to be
especially important in communities with weekly
or twice weekly collection of refuse, since residents
may be inclined to dispose of recyclable materials
with refuse, particularly if storage is a problem.

Collection Day
Collecting recyclablse on the same day as refuse

does not necessarily increase participation rates or
residential recycling rates. Establishing a consistent
recycling collection day, and conducting an effective
promotional program that instructs residents to set
out recyclables on the designated day, appears to
be more important than collecting recyclables on
the same day as refuse. The cities of Perkasie,
Seattle, and Fennimore, which collect recyclables on
a different day from refuse, all record high
participation and recycling rates. The City of
Portland has concluded that its low participation
rates result from confusion regarding the collection
day as much as from infrequent (monthly)
collection of recyclables in some parts of the City.
While the fact that recyclables are not collected on
the refuse collection day in parts of the City
contributes to this confusion, a more substantial
cause is the lack of a routine collection day within
neighborhoods. Households on the same block
may have different haulers and therefore different
recycling collection schedules. Thus, setting out
recyclables on collection day is not reinforced by
the observed behavior of one’s neighbors.

Offer Service to All Households
The more households that receive curbside collection

of recyclables, the more residential materials a
community will recover. Many of these communities
with the highest residential recycling levels, such as
Berlin Township, New Jersey; Fennimore and Monroe,
Wisconsin; La Crescent, Minnesota; Perkasie,
Pennsylvania; and West Linn Oregon, collect recyclables
from at least 90 percent of their households. (See Table
5.3.) Many of the communities with lower residential
recycling rates collect recyclables from a limited number
of households. In 1990 Philadelphia serviced only 28
percent of households in its public service area, and
recycled only 6 percent of its publicly collectd waste.

Communities wishing to raise recycling levels
not only target all households with recycling
collection, but also secure the participation of
serviced households. Chart 5.2 compares net
participation rates (the percent of total households
serviced multiplied by the participation of serviced
households) with residential recycling rates.
Austin serviced only 55 percent of households with

    recycling collection in FY 1989; of these, only 40
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Chart 5.2. Net Household participation and REsidential Recycling Rate. Lincoln, West Palm Beach, Newark, Austin, Philadelphia, Mecklenburg, Lafayette, Providence, Columbia, Sonoma County, Dakota Count

I

Notes: Net household participation represents the percent of total households receiving curbside recycling collection multiplied by the participation
rate. For Providence, Philadelphia, Takoma Park, Naperville, and Perkasie recycling rate represents that in the City refuse collection jurisdiction
only, in which 100% of households are serviced. For Philadelphia, the net participation rate represents that in City refuse collection area only. See
Tables 5.2 and 5.3.

percent participated. This resulted in a 22 percent
net participation rate, which explains Austin’s
residential recycling rate of 5 percent. The
communities of Berlin Township, New Jersey and
Fennimore, Wisconsin have high participation rates
of 97 and 100 percent, respectively, and are
recovering (recycling and composting) more than
half of their residential waste stream. Participation
in these communities’ programs is required by law.

Providence is servicing 94 percent of its
households (100 percent of the City’s refuse
collection district), but has achieved a moderate
participation rate of 74 percent. (In addition,
during the base year of study, Providence collected
fewer types of materials for recovery than many of
the communities with higher recovery rates.) In
1990 Providence recycled only 10 percent of its

residential waste. Providence is working to
increase program participation through education
and publicity materials.

On the other hand, the cities of San Francisco,
Seattle, and Boulder are recycling at least one-
quarter of their residential waste streams despite
the fact that their curbside programs serviced only
36, 60, and 73 percent of households, respectively.
In these communities residential recyclables are also
collected through many private drop-off and buy-
back sites.7 Seattle’s  31 percent residential recycling
rate is also attributed to the large amount of
material collected at curbside per serviced
household (14.5 pounds per household per week),
primarily due to the collection of many grades of
mixed waste paper.
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Some cities already have plans to expand their
curbside programs. Austin, for example, began
collecting recyclables from an additional 1,500
households in 1991.

Recycling in Multi-Unit Buildings
In many communities, particularly urban areas,

a large percentage of residents live in multi-unit
buildings. Because refuse collection from these
buildings is largely left to the private sector, many
cities overlook large multi-unit buildings in setting
up their residential recycling programs. (See Table
5.3.) However, cities with a large proportion of
residents living in multi-unit buildings will have
difficulty reaching high materials recovery levels

without targeting multi-unit households for
recyclables collection. The City of Austin, for
example, recycled 5 percent of its residential waste
in FY 89 by collecting recyclables from one- and
two-family households; nearly 40 percent of
residents did not receive collection, since they lived
in buildings with three units or more.

Recovering recyclables and compostable
materials from multi-unit buildings is typically
more challenging than collecting recyclables from
single-family units. Variables such as space and
layout, waste hauling contracts, length of resident
tenancy, and janitorial work agreements differ from
building to building. Cities also often hesitate to
intervene in apartment buildings’ private waste-
hauling arrangements. Yet programs currently
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operating indicate that multi-unit buildings can
achieve high levels of materials recovery. Local
government can play an important role in
facilitating these recycling efforts. Our case study
communities’ efforts to promote multi-unit recycling
include the following:

   establishing provisions that multi-unit buildings
comply with residential recycling requirements
and recover designated materials;

   providing collection service or requiring private
haulers to provide this service;

    offering haulers economic incentives to collect
recyclables;

   providing buildings with recycling containers and
other equipment;

  offering buildings technical assistance, including
waste audits;

   encouraging building owners and managers to
take an active role in planning and promoting the
program; and

● encouraging buildings to establish recycling
systems that closely parallel existing refuse
collection systems.

Portland, Oregon is currently working to
expand the delivery of recycling collection services
to multi-unit households. Refuse haulers in the
City are required to collect recyclables from only
one- to four-unit buildings. As a result,
approximately one-quarter of all households in the
City receive no recycling collection. (In addition,
15 percent of one- to four-unit households do not
receive collection.) The City has contracted with
Portland State University (PSU) to setup recycling
collection systems in selected multi-unit buildings.
As of June 1991, 330 buildings had been supplied
with recycling systems. The City provides technical
assistance and supplies recycling containers (such
as 90-gallon carts), which PSU delivers to the site.
The hauler selected by the building collects and
markets the materials. (Buildings are not charged
an additional fee for the collection of recyclables.)
Many buildings have set up central recycling
depots in parking lots, while others instruct
residents to bring individual bins to the curbside.
The City budgeted $162,000, equivalent to $27 per
multi-unit household, to set up recycling systems
at 170 buildings containing a total of approximately
6,000 apartment units in 1992.

Portland State University conducted a 3-year
research and demonstration project on multi-unit
recycling. By closely studying 20 representative
multi-unit recycling systems, PSU reached the
following conclusions:

●

●

Both depot and individual collection systems
operate well, but the recycling systems are
generally most effective when they parallel refuse
collection systems. For example, in one building
where newspaper recycling depots were
conveniently located on each floor near garbage
chutes, but other recyclables were collected in the
basement parking garage, one-half of those who
recycled reported that they recycled only
newspapers.
Participation and diversion levels vary with the
program’s user friendliness, the location of the
recycling depot within a building/complex, and
the degree to which the manager promotes the
recycling program.

Over 80 percent of randomly surveyed tenants
reported participating in their buildings’ recycling
program. Actual measurements of recycled
materials at representative sites indicated that over
30 percent of waste by weight was diverted. (This
excluded deposit containers and other material
taken to drop-off or buy-back sites.)

(See side bar, “New York City’s Intensive
Recycling Project” in Chapter 4 for a description
of a comprehensive multi-material apartment
building recycling program.)

Curbside Set-out and Collection Methods
When implementing a recycling program, an

important first step is to determine which materials
to target for collection and how such materials will
be collected and prepared for market. These steps
are interrelated. Available markets and processing
capabilities will determine which materials to
collect. Targeted materials and market
specifications will influence how recyclables should
be collected and processed.

A variety of curbside collection systems are
available for recyclable materials. Each collection
and processing system has advantages and
disadvantages. Sorting materials in the household
or on the collection route minimizes the amount
of sorting that must be performed at a processing
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participation rate. number of segregations. residents must color-sort glass. Seattle, south. Newark. Austin. San Francisco. Lincoln. Providence. West Palm Beach. Philadelphia. Mecklenburg Co., Sonoma 

center, and frequently results in lower overall
breakage and reject rates, increasing the net amount
of material marketed. Sorting materials at a
processing center may increase program
participation and speed up collection, but often
requires construction of a more capital-intensive
facility, which may be difficult for a community to
finance.

Table 5.6 details the set-out and collection
methods utilized by the 30 communities studied.
These represent a wide range of strategies, from an
entirely commingled set-out and collection
procedure used on the south side of Seattle, to an
eight-sort set-out system utilized by Naperville,
Illinois, in 1990. Eight of the communities studied
require minimal separation on the household level;
that is, segregation into only two fractions: paper
in one container, and commingled food and
beverage containers in a second container. (In this
report, we have called collection programs
“commingled” when residents are required to set
out food and beverage containers in a single
container.) Four communities require complete
segregation of materials, including color separation
of glass.

Set-out requirements may affect program
participation. Chart 5.3 indicates that while both
programs with simplified set-out arrangements and
those with more complicated requirements achieve
participation rates of 80 percent or higher, all three
of the cities that require more than five segregations
(including color-sorting of glass) have secured the
participation of 75 percent or fewer households.8

These lower participation rates may also be
attributed to factors such as voluntary participation
(all three programs are voluntary) and collection
schedules. The fourth city requiring color-sorting
of glass, West Linn, has an 86 percent participation
rate. Its steep volume-based rates may be more of
a recycling incentive than the color-sorting is a
deterrent. In fact, this may be the case with
programs requiring four and five sorts. Five out
of six of these have volume-based refuse rates.
Many of the cities with the lowest participation
rates are actually those that require commingled
set-out with only two segregations. This can be
explained by the fact that many of these are large
cities with diverse populations, where securing
resident participation can be a challenging task.

Chart 5.3
Curbside Set-out Requirement and Participation Rate
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Set-out and collection systems affect the overall
recovery of materials. Within the 30 communities
studied, processing facilities that accept segregated
materials report low residue rates of 0 to 4 percent
by weight, while those that accept commingled
materials often rely on mechanized sorting and
report higher residue rates of 0.5 to 16 percent by
weight, largely due to glass breakage.9 If, for
example, the amount of recyclable material
disposed of as residue from Rhode Island‘s
processing facility (which has a residue rate of 14
percent) is subtracted from Providence’s collected
tonnage and added to their tonnage disposed, the
City’s recycling rate would drop from 10 percent
to 9 percent. To increase the value of recyclables
collected, Seattle is requiring its recycling hauler
who services the south end of the City (which
previously utilized a fully commingled system) to
color-sort glass en route; paper contaminated with
broken glass was becoming increasingly difficult to
market. Sorting materials at the household level
or on the truck can increase the net tonnage of
material marketed. (See Chapter 8 and Table 8.17).

In the effort to increase materials recovery rates,
a few communities in Europe, Canada, and the
United States are pilot testing and/or implementing
“wet/dry” collection systems. These programs
typically target more materials for recovery in order
to achieve higher overall recovery rates. However,
due to the commingled collection system utilized,
a larger proportion of collected recyclables and
organics maybe contaminated than is the case with
more traditional recycling systems. (See side bar,
“Wet/Dry Collection Systems.”)

Provision of Recycling Containers
Providing suitable containers to households for

storage and set-out of recyclable materials may
increase participation and recycling levels. The
majority of the 30 communities studied distribute
recycling containers to households. Table 5.4 lists
container type and size. Storage containers serve
several purposes: (1) they publicize a recycling
program and remind individuals to source-separate
material, thereby increasing program participation;
(2) they assist drivers’ identification of recyclable
materials and loading of materials onto vehicles;
and (3) they may increase the amount of material
residents set out per collection day by providing

a convenient and attractive place to store
materials. 10

All the communities with the highest
participation rates (over 80 percent), except Upper
Township and Bowdoinham, distribute recycling
containers to residents. In Upper Township,
residents are required by law to source-separate
materials, and set-out is made convenient (only
three segregations are required). In Bowdoinham,
the per-bag refuse fee provides residents an
economic incentive to participate in the recycling
program. Many of the communities with low
participation rates (including Newark, Austin, and
Lincoln) did not distribute containers to residents.
Newark, with the lowest participation (estimated at
16 percent in 1989), had distributed recycling
containers to only 15,000 households.11

Within the 30 communities studied,
p r o c e s s i n g  f a c i l i t i e s  t h a t  a c c e p t
segregated materials report low residue
rates of 0 to 4 percent by weight, while
those that accept commingled materials
often rely on mechanized sorting and
report higher residue rates of 0.5 to 16
percent by weight, largely due to glass
breakage.

Container size may influence recycling rates.
Small containers may limit the amount of material
recovered. A container must not only be large
enough to accommodate current levels of material,
but must also accommodate substantial program
growth. Communities have found 5-gallon bins
suitable during the early stages of a recycling
program, but inadequate once new materials are
added to a collection program. Berlin Township’s
experience with different containers provides a
striking example of the importance of container
size. When the Township replaced its 5-gallon
buckets with 20-gallon buckets to accommodate
recycling of plastic containers, the amount of
commingled recyclables collected, excluding
plastics, increased 49 percent by weight with the
distribution of the larger buckets.
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Small containers may increase the frequency
with which residents set out recyclables, but
decrease the amount of materials per set-out, thus
decreasing overall collection efficiency. A study of
2,200 households in a southern California
neighborhood found that households utilizing the
largest of the four container systems tested--a set
of three stackable recycling bins--had the lowest
set-out rate (while still achieving high participation)
and the greatest amount of material per set-out.
Collection efficiency was highest with the stacking
containers, averaging a collection time of 20
seconds per stop. Blue boxes, on the other hand,
had an average loading time of 28 seconds per stop.
While participation among households using blue

boxes was quite high, residents reported that the
rectangular boxes had inadequate capacity for their
materials. 12

Inadequately sized containers appear to be
hampering the success of New York City’s pilot
project to collect a wide range of recyclable and
compostable materials from 7,000 multi-unit
households in Park Slope, Brooklyn. The City has
supplied one- to three-unit buildings with a single
17-gallon container for waste paper; a 20-gallon
container for commingled plastic, metal, and glass;
and an 8-gallon bucket for food and yard waste.
Although the amount of recyclables recovered
increased after the distribution of recycling
containers, one-quarter of the inquiry calls received
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from residents have been complaints regarding
small containers.13

In most instances, cities provide bins free of
charge. To cover the cost of purchasing bins, cities
sometimes charge residents for these items.
However, requiring residents to pick up and
purchase bins, particularly in voluntary programs,
can decrease program participation. The City of
Columbia, for instance, charges residents $5 for
bins. At the end of 1990,5 years into its voluntary
curbside program, the City had distributed
recycling bins to only 200 households (representing
3 percent of enrolled households) and had secured
the participation of only 62 percent of enrolled
households.

Drop-off Collection
As indicated in Table 5.2, most of our study

communities utilize some form of drop-off
collection. While curbside collection is generally a
more effective way to maximize the amount of
recyclable materials collected, drop-off collection
can augment curbside and serve as the primary
method of recyclables collection in communities in
which residents self-haul refuse. Convenient
placement of sites, and economic incentives (such
as payment for recyclables, or variable refuse rates)
increase residents’ participation in drop-off
programs.

There is great variation in the type of drop-off
opportunities offered. Some sites collect a wide
range of materials, while others collect only bottle
bill containers or scrap metal. Some sites operate
unstaffed, while others are staffed. Some pay
individuals for materials, while others accept
materials at no charge. Table 5.7 lists the materials
collected at public and private drop-off sites.

Drop-off sites area particularly viable and cost-
effective alternative to curbside collection in rural
or suburban communities in which residents self-
haul refuse to disposal sites. Communities such as
Peterborough, New Hampshire; Bowdoinham,
Maine; Seattle, Washington; and Sonoma County,
California operate successful drop-off sites at
transfer stations and landfills. Peterborough, for
instance, recovered 42 percent of its residential
waste through drop-off collection alone.14 All
residents and private haulers utilizing the Town
refuse and recycling center must source-separate a

wide range of recyclable items, including many
grades of paper, glass, metal, reusable items, and
food waste, and deposit all material generated or
collected, not just nonrecyclable (refuse) items or
materials with a low market value. The rural
community of Bowdoinham successfully recycled
43 percent of its municipal waste (which is largely
material from the residential sector), primarily
through two publicly run drop-off sites, one of
which was located at the Town land fill.15

Bowdoinham’s volume-based refuse rates provide
residents the incentive to self-haul recyclables to the
Center.

Sonoma County and San Francisco, California
and Seattle and King County, Washington utilize
drop-off collection for those households not
serviced by curbside collection, or for those self-
hauling refuse to the landfill. Seattle, for example,
recovers recyclable and compostable materials
through hundreds of private drop-off sites (in
addition to its curbside program) and two public
drop-off centers, one each at the City’s two transfer
stations. The City’s volume-based refuse fees
provide residents ample incentive to source-
separate and deliver recyclable materials to drop
off sites. Philadelphia has implemented a “block
corner” recycling program to service those
households not provided with curbside collection.
(See side bar, “Philadelphia’s Block Corner
Recycling Program.”)

Seven of the 30 communities studied are
located in jurisdictions with container deposit
legislation. Beer and soft drink containers
constitute on average 4.1 percent of the municipal
solid waste stream. States with container deposit
legislation realize return rates of 72 to 98 percent
for such material,18 enabling communities to recycle
between 2.9 and 4.1 percent of their waste without
spending any municipal funds. In 1977 Columbia
enacted the nation’s first and only local bottle bill.
An estimated 85 percent of all glass, aluminum, and
PET plastic deposit containers are returned through
this legislation. While Columbia has a limited
recycling program (only 27 percent of households
received curbside collection service in 1990, and 33
percent received such service in 1991), the City
recycled 13 percent of its total waste in FY 1990.
Twelve percent of recycled material consisted of
deposit containers.
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Targeting a Wide Range of
Materials for Recovery

Table 5.7 lists materials collected through drop
off sites. Table 5.8 lists residential recyclable and
compostable materials collected at curbside.
Communities with the highest recycling levels are
generally those that target a large number of
materials for recovery, particularly those materials
that constitute a significant percentage of the waste
stream. The six communities recycling 28 to 42
percent of their residential waste target between 5
and 15 types of recyclable materials for citywide
collection. The three communities recycling 35
percent or more of their residential waste—
Bowdoinham, Peterborough, and San Francisco-
are each collecting between 9 and 14 materials.17 On
the other hand, Newark, with a residential recycling
rate of 5 percent, was collecting only four recyclable
materials at curbside in the base year. Lincoln,
Nebraska has the lowest residential recycling rate-
3 percent—and targets only two materials,
newspaper and aluminum cans, for curbside
collection.

Charts 5.4 and 5.5 provide a breakdown of
residential materials recycled, as a percentage of
residential waste generated and in pounds per
household. While the breakdowns in Chart 5.4 are
affected by the relative weight of the other
components of the residential waste steam, the per
household breakdowns in Chart 5.5 are not.

Waste Paper
Paper, the largest single component of the

waste stream, also accounts for the largest portion
of residential recyclables. Paper comprises between
50 and 80 percent by weight of all residential
materials recycled in the majority of these
communities.

While newspaper comprises the bulk of this
waste paper, other grades of paper, such as high-
grade paper, mixed waste paper (including
advertising mail, magazines, and paperboard
packaging), and corrugated cardboard, can
comprise a substantial percentage. The cities with
the highest waste paper recycling levels, San
Francisco and Seattle, are recovering 29 percent and
24 percent of their residential waste streams,
respectively, through waste paper recycling alone.
Both recover a wide range of paper grades,
including newspaper, magazines, advertising mail,
and corrugated cardboard.

As indicated on Chart 5.4, the recovery of
mixed waste paper, which composes approximately
13 percent by weight of MSW nationally, plays an
important role in reaching high recycling rates. All
of the six communities recycling between 28 and
42 percent of their residential waste target mixed
waste paper for collection. None of the eight
communities with the lowest residential recycling
rates are recovering mixed paper from the
residential sector.

The City of Seattle has determined that mixed
household waste paper comprises 19 percent of its
residential waste. (Approximately half of which is
not targeted for collection as it is coated or
contaminated.) Of this mixed paper, it recovered
nearly 30 percent in 1990. The City collects
magazines, advertising mail, coupons, fliers,
wrapping paper, used envelopes, cereal boxes,
phone books, tube board, paper egg cartons, and
brochures, in addition to corrugated cardboard and
newspaper. The only paper that it does not collect



Table 5.7. Materials recovered from public and private drop-off sites. Austin, TX, Brkeley, CA, Berlin Township, NJ, Boulder, CO, Bowdoinham, ME, Columbia, MO, Dakota Co., MN, Fennimore, WI, King Co.,
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Chart 5.4
Residential Materials Recycled, Percent by Weight

Notes: MSW tonnage data, which contains material recycled from 15 businesses, is utilized in lieu of Bowdoinham's residential tonnage data-
which is unavailable. For Newark and Philadelphia, residential waste represents publicly collected material. “Other" includes white goods, tires,
food waste, and reusable items. Deposit containers for Bowdoinham are included under "other." Deposit containers for Sonoma County and
San Francisco are included under material type. Mixed paper collected in Berlin Township is included under “other paper.”

from the residential sector is food-contaminated      addition to PVC and PS plastics) to its curbside
paper or paper coated with wax, plastic, or metal.
On the other hand, Dakota County, which estimates
that mixed waste paper comprises 10 percent of its
residential waste, recovered none of its mixed
paper in 1990. While Seattle recycled 31 percent

program in 1990, its currbside tonnages jumped
from 537 tons in 1989 (the year of study) to 650
tons in 1990 and an estimated 748 tons in 1991.

of its residential waste in 1990,Dakota County Other Materialsrecycled only 17 percent.
A number of communities have found that

adding mixed paper to materials collected at
curbside increases curbside tonnages. In 1990
Naperville, Illinois collected high-grade paper, box
board (such as cereal boxes and tissue boxes), and
magazines in addition to corrugated cardboard and
newspaper. In 1991 its new hauler also began to
collect advertising mail and all types of paperboard.
The addition of these materials is partially
responsible for the substantial increase in average
monthly tonnages collected.18 When Monroe,
Wisconsin added telephone books, catalogues,
paperboard packaging, and glossy inserts (in

As Chart 5.4 indicates, tires, white goods, glass,
and metals can comprise a substantial percentage
of residential recyclables. Targeting all these
materials for collection helps raise recovery levels.
For instance, 16 percent of the materials
Peterborough recycled through its Town drop-off
center in 1990 consisted of glass. To achieve its
31 percent residential recycling rate, Seattle recycled
59 percent of all residential glass waste generated
in 1990, and 43 percent of all metal waste.

A number of communities target plastics for
collection. See Tables 5.7 and 5.8. These include
Berlin Township, Bowdoinham, Monroe,



Pounds per household per year. Berlin Twnshp Naperville Seattle Lincoln Park Takoma Park Perkasie West Linn La Crescent Monroe Fennimore Berkeley columbia Providence Austin Lafayette
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Naperville, San Francisco, West Palm Beach, and
Providence. While PET soda bottles and HDPE
milk containers are the most common plastics
recovered, some communities collect PVC,
polystyrene, and LDPE  film as well. Naperville,
Illinois, with a residential recycling rate of 20
percent, collects all types of HDPE and PET
containers, clean polystyrene containers, and LDPE
six-pack rings. While plastics are light weight and
thus add little to the weight of recovered materials,
recovering such materials can reduce the volume
of solid waste, as well as provide a feedstock for
industry.

Food waste recovery has untapped potential.
While food waste comprises a significant
percentage of residential waste, few U.S.
communities are recovering it. Food waste can be
used as livestock feed, composted into a high-
quality soil amendment, or manufactured into such
products as perfumes and soaps. (See Chapter 4
for information on food waste composting in the
U.S. and abroad.)

Hog farmers in
N e w  J e r s e y  h a v e
provided Philadelphia
residents the
opportunity to recycle
their food waste for
over 80 years. In fiscal
year 1990, hog farmers
collected an estimated
30,000 tons of food
waste from Philadelphia
residents, equivalent to
3 percent of the
residential waste
generated and 53
percent of municipally
sponsored materials

   recovered. (See side bar,
“Urban and Rural
Communities Collect
Food Waste for Use as
Animal Feed.”)

Most communities
have overlooked the
recovery of reusable
items. Reusable goods
may compose up to 5

percent of the total waste  stream.19 Among the
communities studied, Berkeley and Sonoma
County, California have most effectively targeted
this component of the waste stream for recovery.
Berkeley, for example, recovered an estimated 68
percent of the white goods disposed of in the city
through a private salvage/reuse operation. Please
see Chapter 3 for further discussion of salvage and
reuse.

Securing High Levels of Participation
Many of programs with high participation levels

are mandatory. In fact, most of the communities
recovering 40 percent or more of their waste have
mandatory programs. Chart 5.6 examines
participation rates for 38 mandatory and voluntary
programs, including 10 communities from Beyond
40 Percent: Record-Setting Recycling and composting
Programs (ILSR, 1990).20 Chart 5.7 shows that of
the nine communities in our study recovering over
40 percent of their residential waste, four mandate
participation, three have volume-based refuse rates

Chart 5.5
Residential Materials Recycled, Pounds per Household

Notes: Communities for which the number of households generating recycled tonnage is unknown
are excluded from this chart. For Austin, Berkeley, Columbia, Naperville, Providence, end Seattle,
tonnages are those collected at curbside only. For West Linn, deposit containers are excluded from
residential material. “Other” includes white goods, tires, end food waste.
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ect food wastes for use as animal feed. New Jersey hog farmers have collected food waste from Philadelphia residents for over 80 years. The city has reimbursed hog farm

(which provide a strong economic incentive to
recycle), and the other two do both.

Recycling mandates, however, may be weak
without proper enforcement.2l In Newark, New
Jersey, enforcement of the 1987 mandatory source-
separation ordinance has noticeably increased
recovery rates. Beginning in January 1991, three
municipal enforcement officers have performed
spot checks for recyclables in residential refuse. As
of July 1991, 863 warnings had been issued. After
two warnings, residents are subject to a fine of $25
per violation. The Office of Recycling credits this
new enforcement policy with the 20 percent
increase in recyclable collected in the first quarter
of 1991 (over 1990 rates).

Establishing Economic Incentives
Communities in our study are using economic

incentives such as high tipping fees at disposal
sites, low or no tipping fees at recycling or
composting facilities, volume-based refuse collection
rates, and contest awards to increase participation
in recycling programs and reduce overall waste
generation rates. (See Chart 5.7 and Table 5.3.)

Twelve of our 30 communities utilize volume-
based refuse collection rates through which
residents are charged higher fees for greater
volumes of refuse set-out. In most instances,
residents are not charged for set-out of recyclable
or compostable materials, or are charged a reduced
fee. Such rates, also known as variable rates,
provide a direct economic incentive to generate as
little waste as possible and recycle as much as
possible.

There is some evidence that volume-based rates
encourage recycling and waste reduction. Many
of the communities with the highest recycling rates
in the nation have volume-based refuse rates (see
Chart 5.7). In 1985, 3 years before the start-up
of Seattle’s curbside recycling program, the City
recycled 22 percent of its waste through small-scale,
independent recycling centers. This recycling level
is attributed to the City’s variable can rate. Since
the implementation of Seattle’s variable can system
the weighted average number of cans subscribed
to by a single-family household decreased from 3.5
in 1981 to 1.4 in 1988. A significant increase in
Seattle’s refuse collection rates between 1985 and
1989, and the start-up of the City’s curbside
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recycling program in 1988, has led to an even more
significant reduction in waste disposed than during
the program’s earliest years. Seattle recovered 40
percent of its municipal solid waste in 1990.

Since June 1990, Wapakoneta, Ohio has charged
households $0.70 per bag of refuse in addition to
a $6 per month flat trash collection fee. During
the first year of the program’s implementation, the
City reported a decrease in the volume of waste
disposed from 20 to 30 percent. Municipal pick-
up of refuse has been reduced from 5 days to 4
days per week. Wapakoneta attributes this decline
to increased recycling activities, backyard
composting, and compaction of waste by residents.
Attrition of approximately 20 commercial customers
from municipal refuse collection may also
contribute to this decrease. (See Chapter 3 for
further discussion of variable refuse rates.)

Comprehensive Educational and
Promotional Programs

In order to motivate residents to participate in
source-separation programs and instruct them how
to comply with collection requirements, many
communities undertake comprehensive educational
and promotional programs. Educational outreach
appears to be most critical for obtaining high
participation rates in urban areas.

Virtually all 30 communities studied promote
recycling. To target as wide an audience as
possible, communities utilize techniques such as
recycling information sheets, newsletters, posters,
and utility bill inserts. Many communities take
advantage of print and broadcast media, with their
potential for reaching the broadest segment of the
population. Monroe, Wisconsin reports the success

Chart 5.6
Household Participation Rates in Voluntary and Mandatory Programs

Note: Communities documented in ILSR’s report Beyond 40 Percent Record-Setting Recycling and Composting Programs are included in this
chart. Two communities are excluded, Wapakoneta--for which a participation rate is not available, and Peterborough-for which an exact participation
rate is unavailable and participation cannot easily be classified as mandatory or voluntary (64% of residents self-hauling refuse to Town dump
and an additional 6% of residents utilizing select private refuse haulers must source-separate recyclables. Other residents are not required to.)



percent of residential waste recovered. flat-fee refuse rates. volume-based refuse rates. m=mandatory participation. v=voluntary participation.
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Chart 5.7
Volume-based  Refuse Rates and Residential Recovery Levels

Notes: Recovery rates include recycled and composted material. MSW recovery rates are utilized in Bowdoinharn, Wapakoneta, and West Linn, as
residential breakdowns are not available and MSW is largely residential. Wapakoneta instituted volume-based refuse rates in June 1990 but because
tonnage data were collected from Sept. 1989 to August 1990, it is listed as a flat-fee program.

of local recycling efforts in a local newspaper
column. Local cable stations in Takoma Park,
Maryland; Monroe, Wisconsin; Wapakoneta, Ohio;
and Naperville, Illinois run programs highlighting
solid waste management issues. Some communities
promote recycling and composting through in-
person education, which can be particularly
effective. In-person includes door-to-door visits,
staffed recycling booths at city or county fairs, or
block leader programs.

Block leader or block captain programs actively
promote recycling through neighbor-to-neighbor
communication. Boulder, Colorado successfully
initiated a block leader program in 1980. Designed
by a psychology professor at the University of
Colorado, Boulder’s block leader program is
currently run by Ecc-Cycle, a community-based
recycling company. During the first year of the
program a study revealed that participation rates
in the neighborhoods with block leaders were over
two times those without such programs. Boulder
currently spends $30,000 per year on materials and
labor to coordinate its block leader program.

Communities as widespread and diverse as
Minneapolis, Minnesota; Seattle Washington, and
Austin, Texas have replicated the block leader
program.

Similar in design are the Master Recycler/
Composter programs, through which volunteers
are trained to educate friends, neighbors, and co-
workers about home composting source reduction,
and recycling. King County, Washington conducts
three 2-month training sessions each year;
participants agree to contribute 40 hours each to
community outreach initiatives. C a p i t a l
expenditures for the program included $10,000 for
training manuals and curricula, $6,000 for outreach
tools, and $10,000 for the construction of two
demonstration sites. The County spends $15,000
on training and equipment for each training
session.

Education programs directed at school-age
children play a vital role in the long-term success
of a recycling program. Many communities utilize
formal or informal recycling curricula to teach
recycling concepts. The Ecology Center in Berkeley,
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California developed “the Recyclones,” lovable
cartoon characters that reinforce recycling concepts.
Newark, New Jersey created the Recycling Rangers
to encourage students to spread the word about
recycling to their parents. To generate enthusiasm
for recycling, several communities conduct
recycling poster contests, which use either a
recycling theme or recycled materials.

Demographic factors play an important role in
determining the amount of money a community
must spend on recycling educational programs, and
the types of programs implemented. Cities with
transient populations and diverse ethnic groups
face the greatest challenges in securing broad
participation, and must typically spend more
money on recycling education. Smaller
communities, on the other hand, can rely on
volunteer efforts, and word-of-mouth to ensure
participation in recycling programs. Peterborough
and Monroe, for example, report spending no
money on education, yet both enjoy high residential
recovery levels at 42 percent and-32 percent,
respectively.

Educational outreach has played an important
role in elevating recycling rates in large cities.
Providence, Rhode Island, for example, increased
participation in its curbside recycling program in
the south side of the City (which has a large
multilingual population) from 30 percent at the
startup of the program to 60 percent one year later,
using foreign-language brochures and other
materials. Newark, New Jersey hired a local
minority public relations firm to initiate a
promotional campaign. Newark translates most
mailings and bulletins into Spanish and Portuguese
to reach its minority communities. Jersey City,
New Jersey distributes recycling information
pamphlets in Arabic, Hindi, Spanish, and Korean.
San Francisco informs its Latino residents about its
recycling program via Spanish-language radio and
television stations. San Francisco also offers
backyard composting workshops in Spanish and
Cantonese.

By enlisting the help of community volunteers
and school teachers, communities are implementing
very successful educational programs without
spending large sums of money.

Identifying Outlets for
Collected Materials

Collecting materials for recycling is a
challenging task, but perhaps one of the most
difficult yet fundamentally important tasks is
finding an outlet for the collected material.
Identifying markets, securing agreements with
materials brokers and end users, and meeting buyer
specifications are all part of this task. Recycling
collection programs can only be as successful as a
recycling marketing program. Consequently
market analysis will be both a planning and
ongoing activity.

Identifying outlets for collected recyclables is an
important component of all of the 30 recycling
programs evaluated as part of this project. Many
of these communities rely on private processors to
find end users. Others undertake this legwork
themselves. Municipal recycling coordinators and
private processors are finding different end uses for
the same material and using a variety of strategies
to keep materials moving to those who can
manufacture new products from them.

Wapakoneta, Ohio, sells its newspaper directly
to a local manufacturer of insulation, whereas in
Bowdoinham, Maine, a local farmer shreds the
Town’s old newspaper at no charge for animal
bedding. In Sonoma County, California, some old
newspaper is shipped to the Far East for deinking
and reprocessing. The private processor of the
County facility that Upper Township uses, sells
some of its glass to manufacturers of new glass
containers, and the rest is delivered to a
manufacturer of glassphalt. Often communities sell
their collected materials to brokers who resell the
materials to manufacturers. Wapakoneta, for
example, sells its baled PET to a broker in Minster,
Ohio, who resells the containers to a firm in
Cleveland for manufacturing into plastic lumber.

In Monroe, Wisconsin, the Monroe Area
Recycling Committee (MARC) has secured a
number of in-state brokers and end users for the
City’s recyclables. Much of the materials collected
through the curbside program is sold locally to the
Green County Salvage Yard, which resells it to
various end users. MARC is considering selling
more of the City’s recyclables directly to end users,
such as paper mills. MARC seeks additional
markets when the supply of recyclables exceeds the
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capacities of existing markets. For example, when
traditional paper outlets are filled, Green County,
in which Monroe is located, shreds and bales its
paper for sale as animal bedding.

Peterborough, New Hampshire, is very active
in the New Hampshire Resource Recovery
Association (NHRRA). Begun in Peterborough in
1979, NHRRA helps to develop new markets for
recyclable materials. Peterborough collectively
markets some materials, such as glass, corrugated
cardboard, newspaper, and plastic containers,
through the NHRRA. Member communities are

charged a fee of $0.03 per capita for this service
plus a fee for brokering specific material; in return
they receive revenue from the sale of certain
materials. The NHRRA markets about 50 percent
of all recyclables collected in the State of New
Hampshire.

In addition to seeking markets for recyclables,
a number of our case-study communities have
implemented policies such as recycled-content
product procurement to encourage further market
development. See Appendix D for a list of these
communities.

Notes
lJim Glenn, "The State of Garbage in America." BioCycle, April 1992.
2For the communities of  Philadelphia and Newark, residential material is publicly collected waste. Bowdoinham, West
Linn, and Wapakoneta’s MSW recycling rates are utilized in Chart 5.1 as their MSW is largely residential. The Cities
of Berkeley and Portland have been excluded from Chart 5.1 as residential rates are not available. Upper Township
has also been excluded as its publicly collected waste contain recyclables (although not refuse) from 222 businesses.
Residential recycling rates are based on data provided by municipal officials and the private sector. Recycling rates
are based on marketed tonnages in the few communities where such information was available; in most cases, however,
recycling rates are based on collected tonnages. See Appendix A for methodology and data definitions, and Appendix
C for waste calculations.
3Wapakoneta recycled 16 percent of its municipal solid waste in fiscal year 1990. while residents in the rural community
of Wapakoneta receive curbside collection of refuse, they must drive to the privately run recycling drop-off site to
participate in the City’s voluntary recycling program. The Wapakoneta Recycling Center is operated by 19 Girl and
Boy Scout troops and 1 volunteer recycling coordinator. In order to increase its recycling rate, Wapakoneta will institute
weekly curbside collection of recyclable materials in spring 1992, based on a plan designed by the City’s volunteer
Waste Minimization Committee. In Lincoln Park, New Jersey, newspaper is the only material collected at curbside;
all other recyclable are collected at the Borough’s drop-off yard. Drop-off is the primary method of recyclable and
refuse collection in the rural communities of Bowdoinham, Maine and Peterborough, New Hampshire. However, private
haulers in both cities offer limited curbside recycling opportunities. In Bowdoinham one-third of the City receives
curbside service.
4There are some exceptions. Columbia, Missouri; Lincoln Park, New Jersey; the south side of Seattle; parts of Portland,
Oregon; and King County, Washington have monthly collection. Perkasie has weekly collection of glass and aluminum,
and monthly collection of newspaper, junk mail, and corrugated cardboard. During the base year of study, Newark
collected commingled recyclables and newspaper on alternate wees. Residents of Lincoln Park receive monthly collection
of newspaper only; all other recyclables in Lincoln Park are collected through drop-off. Residents of Fennimore receive
collection of recyclables every other week.
5Communities measure program participation differently. In most cases, the participation rate is the number of
households setting out recyclable materials at least one time per month divided by the total number of households
served. In Seattle, participation is the sign-up rate-the ratio of the number of households registered for the program
to the number of households eligible. See In-Depth Studies of Recycling and Composting Programs: Designs, Costs, Results
(Washington, DC: ILSR, 1992) for information on how communities determine participation rates.
6NARC also discovered that biweekly collection saw a greater variation (plus or minus 40 percent) in the size of daily
collection. With weekly collection, variation in tonnage decreased (to plus or minus 18 percent), which made scheduling
easier and reduced the need for workers to put in overtime hours. Miriam Foshay and Anne Aitchison, “Factors
Affecting Yield and Participation in Curbside Recycling Program," Resource Recycling, March 1991.
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71n the base year of study (1990), only 20 percent of San Francisco’s residential recyclables were collected at curbside.
With the curbside program fully phased in, the City estimates that it is recovering 55,000 tons per year at curbside,
two and one-half times the amount recovered at curbside in 1990. In Boulder, the University, which comprises
approximately 25 percent of the City’s population, has 225 drop-off sites for recyclables on campus.
8Generally a household is considered a participant in a recycling program even if it sets out only one or two materials.
Thus, participation rates do not indicate if all materials are set out.
9Glass breakage occurs on the collection vehicle as well as in the processing center. For example, the operators of
the facility that processes Providence’s commingled recyclables report that approximately 20 percent of glass entering
the plant arrives broken.
10Before Monroe implemented its citywide curbside program in 1986, it conducted a study to gauge residents’
participation rates and the suitability of recycling containers. The City observed that the type of collection container
used had a direct effect on the amount of recyclables collected. During the pilot study, households that received
a reusable plastic recycling bin set out an average of 4.94 pounds of recyclables each week. Households that received
a plastic bag set out an average of 2.18 pounds per week.
llIn order to increase participation rates, Newark distributed an additional 5,000 8-gallon bins in 1990, and budgeted
for 12,000 bins to be distributed in 1991. The City is requiring its new recycling contractor, who servces one-third
of the City, to supply residents with recycling bins.
12Jennifer S. Gitlitz, “Curbside Collection Containers: A Comparative Evaluation” Resource Recycling, January/February
1989.
l3Tom Outerbridge (Recycling Programs and Planning Division, New York DEP), personal communication, February
1992. Alicia Culver (Center for the Biology of Natural Systems, Queens College), personal communication, March
1992.
l4Two private haulers in Peterborough collect recyclables and refuse at curbside from 100 to 200 households requesting
this service, and bring materials to the Town drop-off center.
151n 1991 Bowdoinham closed the landfill drop-off site in order to avoid transporting materials the 6 miles from the
landfill to the processing center. The City now collects most of the Town’s recyclables at the processing center.
16General Accounting Office, “Solid Waste: Trade-offs Involved in Beverage Container Deposit Legislation,"  November
1990, 34.
17The number of materials targeted for collection may under represent the actual number of material types collected.
Mixed paper, for example, contains several types of materials. Perkasie, for example, collected two types of mixed
paper—magazines and advertising mail. Recycling rate excludes tonnages recovered through composting activities.
Including composting, 11 communities are recovering 35 percent of their residential waste, and 9 of these are recovering
more than 40 percent.
l8Other factors responsible for the jump in curbside tonnages collected in Naperville, from an average of 750 tons
per month from April to August 1990, to an average of 940 tons per month from April to August 1991, were the
increased publicity for recycling as a result of the City's securing a new recycling hauler, and the change in set-out
requirements, from eight sorts under the old system to three sorts under the new contract.
19Urban Ore, Inc. (salvage/reuse business), Berkeley, California, personal communication, June 1991.

   20The Institute for Local Self-Reliance’s 1990 publication, Beyond 40 Percent: Record-Setting Recycling and Composting
Programs, documents 17 materials recovery programs recovering between 32 and 57 percent of their solid waste.
21 Cities may choose to give residents a grace period before beginning enforcement measures, to allow residents time
to adjust to recycling requirements.
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